Impact of Resource Sharing in Manufacturing on Logistical Key Figures  by Becker, Till & Stern, Hendrik
 Procedia CIRP  41 ( 2016 )  579 – 584 
Available online at www.sciencedirect.com
2212-8271 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientific committee of 48th CIRP Conference on MANUFACTURING SYSTEMS - CIRP CMS 2015
doi: 10.1016/j.procir.2015.12.037 
ScienceDirect
48th CIRP Conference on MANUFACTURING SYSTEMS - CIRP CMS 2015 
Impact of resource sharing in manufacturing on logistical key figures 
 Till Beckera,b, Hendrik Sterna,b,*  
aUniversity of Bremen, Production Systems and Logistic Systems, Hochschulring 20, 28359 Bremen, Germany 
bBIBA – Bremer Institut für Produktion und Logistik GmbH, Hochschulring 20, 28359 Bremen, Germany  
* Corresponding author. Tel.: +49-421-21850038; fax: +49-218-9850038. E-mail address: ste@biba.uni-bremen.de 
Abstract 
Increasing fluctuations in demand or unforeseen disruptions have a disturbing impact on logistical key figures of manufacturing 
companies. Common countermeasures, e.g. the increase of the production capacity by adding new machines, always lead to im-
provements of single key figures while worsening others simultaneously. In the light of increasing fluctuations in manufacturing, 
new approaches have to be considered. We propose the utilization of resource sharing for manufacturing companies as a possible 
solution in analogy to shared loads in transport logistics. In this context, we refer to production machines as shared resources. 
Each cooperating company allows others to access its manufacturing resources according to a cooperation agreement. This con-
cept empowers companies to deal with the disturbing events by distributing orders to cooperation partners instead of maintaining 
safety capacities or redundant systems. In this paper we discuss the opportunities and impediments of shared resources in the area 
of production enterprises. We further provide an outlined concept for its implementation into practice with respect to technologi-
cal innovations on the one hand and practical requirements on the other hand. Our argumentation is supported by a simulation 
study, which quantifies the impact of resource sharing on logistical key figures. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Highly varying markets pose challenges for production and 
logistics companies. Above all, short product lifecycles and 
frequent technological changes in most industries, e.g. in con-
sumer electronics, are drivers for fluctuations in demand. 
Therefore, companies have to put additional effort in keeping 
their production and logistics capacities in balance with these 
demand changes. They have to determine their individual 
trade-off between production and logistics performance on the 
one hand and economic efficiency on the other hand. A stand-
ard solution to cope with fluctuations in demand is to invest in 
additional capacities. Thus the provided resources can cover 
all demand peaks and important logistical key figures such as 
throughput time and order fulfillment rate improve as well. 
Unfortunately, due to installation and operation costs the addi-
tional production and logistics resources have a negative eco-
nomical impact [1]. 
New technological possibilities such as the Internet of 
Things offer novel approaches to dynamically control the use 
of resources inside and outside company borders. Production 
environments can be designed as Cyber-Physical-Systems 
(CPS), consisting of computational, physical, and networking 
elements. For example, the use of Radio Frequency Identifica-
tion  (RFID) and Near Field Communication (NFC) technolo-
gies can enable a real-time processing of production and lo-
gistics related information. This leads to a more efficient and 
reliable production system [2] and reactions to disruptions or 
market changes are possible in the shortest time [3]. Conse-
quently, highly interacting production organization across 
company boundaries is possible by considering automatically 
accessible and processable data. 
As a consequence of the existing trade-off problem and the 
opportunities created by the Internet of Things, we propose 
the use of shared resources as a concept for a joint production 
organization. Our approach is based on an adaption and wid-
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ening of existing methods for resource sharing in the area of 
transportation logistics. We consider the production resources, 
such as manufacturing machines, as shared resources in a 
network of manufacturing companies. These pooled machines 
shall be used by cooperation partners to deal with demand 
fluctuations without maintaining further and expensive capac-
ities. That way relevant logistical and economical key figures 
can be optimized simultaneously. The necessary information 
exchange is based on real-time processing of logistical status 
information. 
The goal of this paper is to describe the concept of re-
source sharing in manufacturing and to evaluate if and how 
much participating companies can benefit from resource shar-
ing, depending on their role as resource provider or resource 
requester in a network of resource sharing. 
Firstly, we perform a review of existing literature on re-
source sharing in transportation logistics. We focus on con-
cepts brought into practice, their impact on logistical perfor-
mance, and their practical impediments (Section 2.1). Further 
we present available information about resource sharing in 
manufacturing with an emphasis on possible application are-
as, the performance impact, and practical impediments (Sec-
tion 2.2). Based on these findings, we derive a concept for re-
source sharing in the field of manufacturing and provide a 
brief outline of its implementation into practice (Section 3). 
Subsequently, we evaluate the concept by performing a simu-
lation study (Section 4). A final conclusion summarizes our 
findings (Section 5). 
2. Cooperation and Resource Sharing 
Cooperation among enterprises can occur in various types. 
One commonly distinguishes horizontal and vertical coopera-
tion. The terms refer to the hierarchical relationship of the in-
volved cooperation partners. If they are in a supplier-
customer-relationship, i.e. situated on different levels of a 
supply chain, their cooperation is of vertical type. Relation-
ships between companies of the same level of value-creation, 
on the other hand, are called horizontal cooperation [4,5]. Co-
operation between companies is not a binary decision (either 
to cooperate or not to cooperate), because companies can also 
consider intermediate solutions such as co-opetition as a type 
of interorganizational relationship. Co-opetition refers to a 
business constellation in which independent companies simul-
taneously both cooperate and compete with each other. The 
predominant drivers for cooperation or co-opetition are the 
opportunity of creating additional value for the whole cooper-
ation system and a beneficial exchange for each party in-
volved [6]. On the contrary, companies also have to face im-
pediments when being in a co-opetitive relationship such as 
opportunistic behavior and loss of internal information [7].  
Resource sharing can be defined as a cooperative action 
and has gained a lot of attention in recent years. Users of a 
shared resource receive the advantages of ownership, such as 
availability and use, while the disadvantages, such as invest-
ments costs and environmental impact, are reduced. As being 
part of a cooperation, resource sharing bears the risk of oppor-
tunistic behavior as outlined before. A prerequisite of sharing 
is a sufficient amount of exchanged internal information, 
which could be misused by the partners. Yet we expect this 
risk to be manageable by using a contractual framework in 
order to separate the cooperative and the competitive part of 
the relationship (cooperation agreement). This way sustaina-
ble benefits are achievable [8, 9]. 
Examples for resource sharing on consumer level can be 
found, amongst others, in mobility and housing [10]. Espe-
cially car sharing services have become popular in Western 
Europe and North America [11]. Beside consumer use, re-
source sharing is also utilized at a business or industrial level. 
Common applications are Groupage systems in transportation 
logistics [12 - 14], cloud computing in information processing 
[15], and R&D activities and joint product development [16]. 
In the following, we focus on Groupage systems. Due to its 
conception as a horizontal kind of cooperation and its preva-
lent application in transportation it is expected to be the most 
appropriate basis for the desired resource sharing system in 
manufacturing area. 
2.1. Resource Sharing in Transportation Logistics 
Resource sharing systems in the field of transportation lo-
gistics can be found in different industries. In air transporta-
tion, civil airlines realized strategic alliances in order to in-
crease their flight network and to enhance productivity [17]. 
All cooperating airlines offer seat contingents to each other as 
shared resources. Besides, they benefit from a joint use of air-
port facilities or joint purchasing of fuel and spare parts. In 
maritime shipping, companies optimize the utilization of 
freight carriers by using shared loads. As a result, they reduce 
the number of journeys, transportation costs, and CO2-
emissions [4]. In the area of road transportation, Groupage 
systems can be used. Groupage means the sharing of transport 
capacities by a consolidation of the request portfolios of the 
cooperation members. If some orders of a freight carrier do 
not suit well to the majority of orders in the same time hori-
zon, they are offered to the cooperation partners. Subsequent-
ly, other freight carriers can take over the offered orders in 
case they are suitable to their order portfolio. The distribution 
of the profits is organized as an auctioning system: The order 
is sold to the cooperation partner who offers the best bid and 
hence shows being able to ship the order the cheapest way 
[18]. Cruijssen et al. further performed a detailed survey on 
the opportunities and impediments of horizontal cooperation 
in transportation. Most interviewed logistic service providers 
agreed to the following hypotheses: cooperation offers in-
creased productivity but leads to problems regarding trust is-
sues, selection of partners, and the distribution of profits [19]. 
Other scholars provide additional information on the quan-
titative impact of horizontal cooperation with focus on re-
source sharing. Erdmann developed a simulation model to 
highlight the impact of resource sharing in transportation on 
related key figures such as number of tours, mileage, or vehi-
cle utilization. The investigation shows that cooperation leads 
to an improvement of these key figures in comparison to a 
non-cooperative standard case. Her results also indicate great-
er benefits in case of unconditional cooperation compared to 
conditional cooperation. Conditionality refers to the percent-
age of pooled orders, which are processed by the shared re-
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sources: In the unconditional case all orders can be part of 
shared loads, whereas in the conditional case orders are re-
tained partially [13]. Dahl confirmed these findings in his 
work on cooperative planning in logistical networks. He addi-
tionally developed a web-based application for evaluation of 
his concept in practice. It provides specific and individual co-
operation recommendations on the basis of current order data. 
Dahl pointed out that the success and stability of a coopera-
tion system strongly depends on an appropriate incentive con-
cept. If all parties involved achieve benefits, both the total 
network output and the number of performed cooperative ac-
tions can be increased [5]. 
Further studies by Leitner et al. [20] and Bahrami [21] on 
industrial applications of resource sharing in logistics likewise 
show its positive influence on performance-related key fig-
ures. Leitner et al. investigated the case of a cluster of auto-
motive industry suppliers. They are located close to each oth-
er and ship outgoing goods to customers, which form a re-
gional cluster as well. Hence the potential of joint and effi-
cient transportation modes such as rail transport was investi-
gated. They presented cost reductions of 15 percent by using a 
block train instead of individual truck transport and pointed 
out, that a fair cost-benefit distribution between the coopera-
tion partners generates necessary incentives [20]. 
Bahrami studied economies of scale resulting of a coopera-
tion between two consumer goods manufactures. He analyzed 
two different cooperation scenarios: firstly, a joint distribution 
within the given logistics structures and secondly, an optimi-
zation of the logistics facilities according to the aggregate 
demand. Savings in total logistics costs between 2.4 and 9.8 
percent could be achieved. Bahrami emphasized the involved 
companies’ desire of preserving a high level of autonomy 
while being in a cooperative relationship [21]. 
2.2. Resource Sharing in Manufacturing 
Examples for resource sharing in manufacturing are scarce. 
Available publications mostly focus on kinds of cooperation, 
which are not directly related to manufacturing processes, 
such as sharing of demand information or joint activities with-
in R&D [16,17,22,23]. Additionally, existing studies were 
mostly conducted in the context of supply chains, which 
means cooperation can also be of vertical type. Nevertheless, 
this work provides important contributions to an understand-
ing of the basics of resource sharing in manufacturing. 
Sandberg investigated the situation of cooperation for 
Swedish manufacturing companies within supply chains. His 
main findings show a correlation between the intensity of the 
collaboration and its success. The cooperative actions men-
tioned are of information sharing type [23]. 
Oum et al. provide a study on the effect of horizontal alli-
ance on firm productivity and profitability. They argue that 
productivity and profitability gains can be created firstly by 
lower inputs through resource sharing and pooling. Secondly, 
they can be achieved by magnified outputs through synergy 
effects between the involved companies. Besides they refer to 
various value-creating activities as being suitable for coopera-
tion including designing, manufacturing, marketing/ sales, lo-
gistics, and services [17]. 
Ritala studied the impact of co-opetition by performing a 
cross-industry survey on companies, which perform R&D ac-
tivities. He outlines that results of prior investigations tend to 
a correlation between the industry and the success of co-
opetition. According to Ritala, knowledge-intensive sectors 
are more likely suitable for co-opetition than less knowledge-
intensive sectors. Furthermore his findings suggest a benefi-
cial character of co-opetition on firm performance [22]. 
To sum up, horizontal cooperation and co-opetition can be 
seen as common business strategies for manufacturing com-
panies. Several studies highlight their beneficial impact on the 
firms’ performance and discuss necessary preconditions for 
their success. Although activities in several operational areas 
are considered suitable to be organized in a cooperative man-
ner, no examples for explicit cooperation or resource sharing 
in the manufacturing process can be found in the reviewed 
literature. We hence propose a concept on resource sharing 
for production activities among manufacturing companies in 
the following in order to access further logistical optimization 
potential for manufacturing companies. 
3. Model 
3.1. Problem Formulation and General Conceptualization 
As outlined before, one of the main purposes of the paper 
at hand is the development of a resource sharing concept for 
manufacturing activities. Our main goal is to achieve an en-
hancement of logistical key figures such as utilization of ma-
chines, order fulfilment rate, and throughput times without 
harmful effects on economic efficiency. All key figures are 
analysed for single cooperation members as well as for the 
entire cooperation system. We claim that resource sharing in 
manufacturing is able to contribute to these goals. 
We propose pooling of production machines among coop-
eration partners in order to easily enable external production. 
The specific conditions for external processing of orders have 
to be defined in advance. Participating companies need to 
agree on a cooperation agreement, which is the basis for the 
automated joint production scheduling. This cooperation 
agreement contains a definition of the cooperation members’ 
desired degree of participation. Following Erdmann [13], two 
different levels of involvement are applied in our model. 
Regarding the partner selection we expect best results if 
companies of a same region and with a similar product portfo-
lio take part in a resource sharing cooperation. This way, both 
transportation and machine setup efforts are minimized and 
lead to less additional costs. We further intensively focus on 
practical applicability. For a start, our concept shall be mod-
elled as a recommendation system according to Dahl’s work 
[5], which leaves the final dispatching decision in the hands of 
the operator. In the long run, dispatching could be fully auto-
mated systemwide. 
The following classification scheme was derived by the re-
viewed literature and defines the range of existing resource 
sharing models in various contexts. The cells with underlining 
illustrate the configuration of our concept for manufacturing 
companies. Further details can be found in Section 3.2. 
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